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Coronavirus disease 2019 (Covid-19) created unparalleled challenges to anatomy education. Gross anatomy education has been particularly impacted given the traditional in-
person format of didactic instruction and/or laboratory component(s). To assess the changes
in gross anatomy lecture and laboratory instruction, assessment, and teaching resources utilized as a result of Covid-19, a survey was distributed to gross anatomy educators through
professional associations and listservs. Of the 67 survey responses received for the May–
August 2020 academic period, 84% were from United States (US) institutions, while 16%
were internationally based. Respondents indicated that in-person lecture decreased during
Covid-19 (before: 76%, during: 8%, P < 0.001) and use of cadaver materials declined
(before: 76 ± 33%, during: 34 ± 43%, P < 0.001). The use of cadaver materials in laboratories decreased during Covid-19 across academic programs, stand-alone and integrated
anatomy courses, and private and public institutions (P ≤ 0.004). Before Covid-19, cadaveric materials used in laboratories were greater among professional health programs relative to medical and undergraduate programs (P ≤ 0.03) and among stand-alone relative to
integrated anatomy courses (P ≤ 0.03). Furthermore, computer-based assessment increased
(P < 0.001) and assessment materials changed from cadaveric material to images (P < 0.03)
during Covid-19, even though assessment structure was not different (P > 0.05). The use of
digital teaching resources increased during Covid-19 (P < 0.001), with reports of increased
use of in-house created content, BlueLink, and Complete Anatomy software (P < 0.05).
While primarily representing US institutions, this study provided evidence of how anatomy
educators adapted their courses, largely through virtual mediums, and modified laboratory
protocols during the initial emergence of the Covid-19 pandemic. Anat Sci Educ 14: 132–147.
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INTRODUCTION
In response to the mandatory stay-at-home orders issued in
several countries and 90% of the United States (US) (Mervosh
et al., 2020; NASHP, 2020) to mitigate the spread of the acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) and coronavirus disease 2019 (Covid-19), educators were forced to rapidly transition their teaching to a distance education format. By
May 1st, 2020, an estimated 1.3 billion learners at all levels of
education were affected worldwide by 181 country-wide closures (UNESCO, 2020). The rapid pace with which the pandemic spread across the world required school closures that led
programs to reassess their curricula. Changes included implementing an online problem-based learning (PBL) curriculum
(Alkhowailed et al., 2020) and modifications to the traditional
medical student mentoring model (Kazerooni et al., 2020),
admissions processes (Murphy, 2020), clinical experiences
(Theoret and Ming, 2020; Wang et al., 2020; Weiner, 2020),
and early graduation to aid in treating Covid-
19 patients
(NYU, 2020; Wang et al., 2020). In addition, institutions had
to transition a large number of lectures from in-person to pre-
recorded lectures and canceled interactive small group sessions
(Ferrel and Ryan, 2020). Institutions and programs that traditionally conducted in-person lectures (e.g., gross anatomy) had
to quickly determine how to develop online lessons that could
be comparably engaging for learners.
Few disciplines in medical and health science education
have seen a greater shift in their approaches to delivering
content than gross anatomy due to Covid-
19-
related stayat-home orders and physical distancing restrictions (Evans et al.,
2020). The anatomical sciences are a foundational discipline
for many health science-
related programs, with the typical
in-person lecture and laboratory format identified as critical
to the complete gross anatomy educational experience (Dyer
and Thorndike, 2000; Aziz et al., 2002; Rizzolo, 2002; Patel
and Moxham, 2005; Sugand et al., 2010; Farkas et al., 2016).
Though the format of the laboratory component and lecture
delivery varies widely, gross anatomy is a predominantly tangible discipline (Aziz et al., 2002) in which learners are typically
expected or required to be present in-person for a majority, if
not all, of the course-related content. Gross anatomy instructors have expressed concern about the ways Covid-19 may
impact education. Specifically, limited access to cadavers and
anatomical models and decreased face-to-face interactions for
students with faculty and peers, as well as the steep learning
curve needed to use new technologies and lower rates of body
donation (Longhurst et al., 2020; Singal et al., 2020).
Prior to Covid-19, the development of a remote gross anatomy course was a purposeful decision by an anatomy educator,
department, college/school, and/or institution. Because gross
anatomy education has historically been an in-person discipline, published examples of programs and institutions that
have successfully implemented anatomy courses in a distance
education format are field-specific with limited supporting evidence in their utility and reproducibility in the current climate
(Limpach et al., 2008; Kuyatt and Baker, 2014; Attardi and
Rogers, 2015; Mathiowetz et al., 2016; Attardi et al., 2018).
Replication of the virtual gross anatomy courses were led by
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educators who had ample time for design, development, and
implementation of planned online courses. In contrast, the
current environment of emergency remote learning does not
afford the same dedicated planning time (Hodges et al., 2020).
Since March 2020, a small number of articles from both the
national and international community have reported experiences and future opportunities for gross anatomy education due
to Covid-19 (Brassett et al., 2020; Cuschieri and Calleja, 2020;
Herr and Nelson, 2020; Longhurst et al., 2020; Naidoo et al.,
2020; Pather et al., 2020) as well as guidelines and information
related to cadavers and Covid-19 for body donation programs
(Kramer et al., 2020). These articles provided informative examples, although they did not provide inferential statistics (Brassett
et al., 2020; Longhurst et al., 2020; Pather et al., 2020; Naidoo
et al., 2020) and were limited in their representation, with only
14 institutions from the United Kingdom and Republic of Ireland
reported by Longhurst et al. (2020), 10 institutions from Ireland,
Scotland, England, and Germany described by Brassett et al.
(2020), 10 institutions from Australia and New Zealand reported
by Pather et al. (2020), and 1 institution from Malta, the United
States, and the United Arab Emirates, characterized by Cuschieri
and Calleja (2020), Herr and Nelson (2020), and Naidoo
et al. (2020), respectively. This literature demonstrates the global
impact of the pandemic. However, Evans et al. (2020) provided
anatomy educators with advice on how to approach remote
education through a specifically pedagogical lens. Suggestions
included avoiding the use of pre-recorded longer lectures, developing active learning activities, and increasing opportunities for
student engagement and interactions with faculty and with each
other. Herr and Nelson (2020) described their experience of conducting a gross anatomy practical examination for dental students. The authors reported that students scored higher on the
practical examination than previous cohorts of dental students,
but lower on the written examination (Herr and Nelson, 2020).
Naidoo et al. (2020) outlined how blended learning in anatomy
education for medical students was transitioned to a fully distance
format using video conferencing software, social media, and pre-
recorded lectures. While these are worthwhile suggestions that
should be considered, they only provide program-specific examples that might not provide a global representation of how anatomy educators are responding to the Covid-19 pandemic.
Due to the paucity of literature concerning teaching
gross anatomy online and the speed required to implement
remote learning due to the global pandemic, anatomy educators were challenged to determine the best way to teach
remotely in this uncharted educational environment (Pather
et al., 2020). In addition, some anatomy educators saw the
Covid-19 pandemic as an opportunity to broaden the scope
of their teaching methods (Longhurst et al., 2020; Wilcha,
2020). This led to the obvious demand for feedback and
examples on how anatomy educators could develop and
implement their curricular content remotely. Beginning in
mid-March 2020 when the first stay-at-home orders were
enacted across several countries (UNESCO, 2020), the
American Association for Anatomy (AAA) online member forum (Anatomy Connected, 2020), received numerous
requests, questions, comments, and feedback on how to
teach gross anatomy remotely. The posts quickly expanded

MARCH/APRIL 2021133

19359780, 2021, 2, Downloaded from https://anatomypubs.onlinelibrary.wiley.com/doi/10.1002/ase.2051 by Jessica Berry - Kansas City University , Wiley Online Library on [02/11/2022]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

Key words: gross anatomy education; medical education; coronavirus; Covid-19; virtual
anatomy; online anatomy; remote teaching; laboratory; lecture; integrated curriculum;
stand-alone courses

MATERIALS AND METHODS
Survey Features
The study was classified as exempt by the Institutional Review
Board at the University of California, San Francisco (protocol
#20-31300). The data compiled for this study were acquired
through the distribution of an electronic survey, the Virtual
Anatomy during Covid-19 survey. All responses from the survey were collected through Qualtrics XM (Qualtrics, Provo,
UT). The survey was developed by the authors and piloted
prior to distribution. The target audience was gross anatomy
educators teaching in undergraduate and graduate programs
internationally.
The survey consisted of 20 individual questions. The first
three questions of the survey were focused on general contact
information (name, email, and institution). Following the first
three questions, participants were asked if at the time of survey completion, they were teaching anatomy between May
and August 2020. If they selected “yes,” they were asked to
select all programs in which they taught anatomy within the
specified timeframe. The programs listed for participants to
select included: dental, allopathic medicine, osteopathic medicine, occupational therapy, physical therapy, physician assistant, undergraduate anatomy, and up to three “other” options
where users could indicate any program that was not listed.
Participants then completed the same series of 13 questions for
each program they had selected for the given timeframe (e.g.,

134

if a participant selected dental and physical therapy programs,
they would first complete the series of 13 questions on the dental program followed by the same series of 13 questions on the
physical therapy program).
The specific questions surveyed how groups (e.g., small
groups) were organized during Covid-19, how the laboratory
and lecture components of the course were organized before
and during Covid-19, and what anatomy digital resources
and tools were utilized before and during Covid-19. The laboratory portion of the survey asked respondents to select the
percentage of time that utilized dissection, prosection, plastinated specimens, plastic models, comparative anatomy models, and “other” teaching modalities. The lecture portion of
the survey asked respondents to select the format that best
described their lecture presentation, including in-person live
lectures with a live stream, in-person live lectures without a
live stream, previously recorded lectures, remote live lectures,
or “other” lecture formats. A subsequent set of questions
were open-
ended and asked participants to describe their
laboratory-based assessment before and during Covid-19, as
well as the structure of a “typical” laboratory session during
Covid-19.
Following the program-
specific questions for the May–
August period, the final series of three questions focused on
the video conference platform used by their institution to teach
anatomy, the use of any non-anatomy specific teaching tools
they planned to purchase to aid in teaching, and the software
or technology their institution uses for course assessments in
anatomy. For select questions, respondents were able to provide more than one response. This included questions on anatomy digital resources, assessment software, other teaching
tools, and video communication software. At the end of the
survey two additional questions asked participants if they were
teaching anatomy between August and December 2020 and if
they were teaching during that time frame, which programs
they were teaching.
All demographic and program-
specific survey questions
were optional. Supplemental Material File 1 contains Part I
(May–August, 2020) and Part II (August–December, 2020) of
the survey. Information presented in this article only represents
respondents’ data from May to August 2020.

Survey Distribution and Data Collection
Responses were solicited from multiple professional associations of anatomy educators that included members from both
United States and international locations. The professional
associations included the AAA, the American Association of
Clinical Anatomists (AACA), and the Human Anatomy and
Physiology Society (HAPS). In addition, the DR-
ED listserv,
an online discussion group for medical educators, was used to
obtain responses. Members of the various professional associations and communities were notified about the survey through
their respective listservs and/or community forums beginning
on 8 June 2020. In addition to the forum post, AAA members
were notified about the survey through Anatomy Now Weekly,
the weekly subscription-based AAA newsletter. One week following the initial survey solicitation, individuals were reminded
about the survey. Finally, members of the research team leveraged social media by sharing the survey link using their professional Twitter (Twitter, Inc., San Francisco, CA) accounts.
Original tweets containing the link were re-tweeted by anatomy
educators based in North America, Australia, Europe, and Asia.
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to cover various topics including accepting donors that may
potentially be infected with Covid-19, remote teaching methods for anatomy, and suggestions for digital resources and
tools that were free to use to teach gross anatomy. Beginning
on 17 April 2020, a post focusing on remote or virtual
delivery of laboratory instruction for first-year medical students quickly gathered 84 replies from approximately 66
unique individuals. In total, since the original forum post on
12 March 2020, there were 35 different discussion threads
and 279 comments throughout the Anatomy Connected
website related to teaching during Covid-
19 (Anatomy
Connected, 2020). The overwhelming number of posts led to
the creation of a new “Virtual Anatomy” community within
the Anatomy Connected list of communities, which offered
multiple synchronous web-based meetings for AAA members
to discuss their plans for the upcoming teaching blocks of
May–August and August–December 2020. It became immediately apparent how important it was for anatomy educators to understand how their colleagues would approach
their courses in this uncharted territory.
The overarching purpose of this article was to explore the
responses of gross anatomy educators to Covid-19 by pursuing
three underlying objectives. The primary objective of this study
was to assess the changes in lecture and laboratory delivery
methods among anatomy courses that ran between May and
August 2020 responding to Covid-19-related restrictions. The
second objective was to assess the changes in lecture and laboratory delivery methods by academic program, integrated compared to stand-alone anatomy courses, and private compared
to public institutions. The final objective was to characterize
the early teaching adaptations by the anatomy educator community and explore assessment methods, anatomical modalities utilized for laboratory education, and digital and other
resources and tools utilized to aid in anatomy education during
Covid-19.

Narrative Data

Quantitative Data
When data were available, respondent-reported institutions
were categorized as national (US) or international for descriptive purposes. In addition, public or private institutions (for
the United States only) were categorized by a single author
(G.J.F.) and corroborated by a second author (D.J.H.) using
the name of the institution provided in the survey. The authors
accessed the websites of the institutions and obtained information regarding public versus private and national versus
international classifications. Public and private institutions
were defined according to the US Department of Homeland
Security’s website as follows: A public institution is a college
or university mainly funded by a state government, while
a private institution is a college or university that typically
operates as an educational nonprofit organization. A private
institution does not receive its primary funding from a state
government (DHS, 2013).
To maximize the power for statistical analysis, survey
response data were combined into groups. Responses from
allopathic (n = 27) and osteopathic (n = 3) medical programs
were combined to a single medical group, while physical therapy (n = 13), occupational therapy (n = 1), physician assistant
(n = 6), and dental programs (n = 6) formed a professional health
group. The group containing undergraduate programs remained
unchanged. Survey responses concerning anatomy laboratories
that utilized dissection and prosection, plastinated specimens
and anatomical models, and comparative specimens and other
types of laboratory modalities were consolidated to form three
new groups defined as “cadaver,” “plastic material,” and “other”
groups, respectively. Similarly, in-person lectures with and without a live stream were combined to form a new group called
“in-person lectures,” while lectures previously recorded or delivered remotely were defined as “not in-person lectures.” Other
forms of lecture remained classified as “other.” Frequencies were
reported for the digital resources, video conferencing software,
assessment software, and other purchased items.
Statistical comparisons were made for overall responses
and between responses by program (as defined above), type
of anatomy course (integrated vs. stand-alone), and type of
institution (public vs. private) before and during Covid-19.
All data were checked for normality (parametric vs. nonparametric) with the Shapiro–Wilk test and box-plots. Continuous
values that did not meet parametric standards were log-
transformed (data are presented as non-
transformed) to
attenuate the skewness of the data. Descriptive analysis
was performed using proportions (percents) for categorical
variables and mean and standard deviation for continuous
variables. Wilcoxon signed-
rank and Wilcoxon rank-
sum
tests and Kruskal-Wallis test with Dunn’s post hoc analysis
were used to compare the responses across groups (type of
program, gross anatomy course, and institution) and time
points (before and during Covid-19) for continuous data.
Comparisons between groups as well as comparisons before
and during Covid-19 were analyzed using Fisher’s exact test
for categorical data. The significance level was set a priori
at α < 0.05. Response rate (= number of responses/viewed
or started survey) was calculated, while Cronbach’s alpha
Anatomical Sciences Education

(a measure of internal consistency) was measured for the
survey according to the parsimonious criteria established by
Taber (2018). All statistical analyses were performed using
SPSS statistical package, version 26 (IBM Corp., Armonk, NY).

Narrative data were examined to determine the most common
methods used in gross anatomy laboratory teaching and assessment before and during Covid-19. Coding of the textual data
was used to track the frequency of specific methods. According
to Saldaña (2016), a code is a word or short phrase generated
by the researcher used to summarize the essence of a qualitative datum. Descriptive codes were applied to the data to
summarize the responses provided by participants (Saldaña,
2016). A team of researchers (J.F.D./M.B.) analyzed the laboratory teaching data. Analysis was performed on responses
from the survey provided verbatim. After initial review of the
data, it was determined that four categories of codes could be
applied to the data to describe the laboratory setting: (1) delivery format (i.e., type of synchrony), (2) format of laboratory
practice (i.e., dissection, prosection), (3) type of anatomy digital resources used, and (4) format of student groups. Similarly,
another team of researchers (K.M.B/S.M.A.) analyzed the
assessment data. Three categories of codes could be applied
to each assessment: (1) setting of the assessment (i.e., where
it took place), (2) format of the assessment, and (3) material
used for the question (e.g., cadaver, medical imaging, and
plastic model). The first coders for each team (J.F.D./K.M.B.)
coded the data in Microsoft Excel. The second coders for each
team (M.B./S.M.A.) reviewed the coded dataset and noted any
datum where the coding did not match their interpretation. The
team discussed the coding discrepancies and re-coded as necessary to reconcile. The levels of detail included in the responses
were limited to single words and/or short phrases. Codes with
each category were tabulated and converted to overall counts
and percentages using Microsoft Excel spreadsheet (Microsoft
Corp., Redmond, WA).

RESULTS
Descriptive characteristics and sample sizes are presented
in Table 1. A total of 67 responses were received. Of the 65
respondents who indicated the type of gross anatomy course,
63% of professional health, 17% of medical, and 20% of
undergraduate programs reported using a stand-alone anatomy
course (P < 0.001), while 8% of professional health, 75% of
medical, and 17% of the undergraduate programs used an integrated anatomy curriculum (P < 0.001). Fifty-nine percent of
the surveyed private institutions and 41% of the public institutions reported using an integrated anatomy course (P > 0.05),
whereas 36% of private institutions and 64% of public institutions used a stand-alone anatomy course (P > 0.05). Response
rate was 84% and the Cronbach’s alpha coefficient was 0.71,
suggesting the survey instrument measures with acceptable
internal validity (Taber, 2018).

Laboratory Teaching
Overall, a significantly greater percentage of respondents
used cadavers for in-
laboratory teaching before Covid-
19
as compared to during Covid-19 (before: 76.2 ± 32.6% vs.
after: 34.0 ± 42.6%, P < 0.001). The transition away from
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The last response was received on 25 June 2020 for the
May–
August 2020 data collection. At that point, the dataset was exported from Qualtrics XM to Microsoft Excel
(Microsoft Corp., Redmond, WA) for organization and preparation for analysis.

Descriptive Characteristics and Sample Sizes for Survey
Responses Regarding Adaptations to Teaching Anatomy During
Covid-19 Pandemic (May–August 2020)
Variables

n (%)

Program (n = 67)
Professional Healtha

26 (38.8)

Medicineb

30 (44.8)

Undergraduate

11 (16.4)

Type of Anatomy Course (n = 65)
Integrated Anatomy Course

28 (43.1)

Stand Alone Course

37 (56.9)

Did not reply to prompt

2

Type of Institution (United States institutions only) (n = 52)
Private

24 (46.2)

Public

28 (53.8)

National and International Institution (n = 62)
International

10 (16.1)

United States

52 (83.9)

Institution Data Indiscernible

5

Assessment and Digital Resources
Teaching Delivery in the Anatomy Laboratory

64 (95.5)

Assessment Software

38 (56.7)

Assessment Setting, Structure, and Material

61 (91.0)

Anatomy Digital Resources

60 (89.6)

Other Anatomy Teaching Tools

18 (26.9)

Video Communication Software

41 (61.2)

a

Professional health includes physical (n = 13) and occupational
(n = 1) therapy, physician assistant (n = 6), and dental (n = 6)
programs;bMedicine includes allopathic (n = 25) and osteopathic
(n = 3) programs.

cadaver-based instruction aligned with a simultaneous increase
of “other” laboratory modalities (before: 8.9 ± 24.7% vs.
during: 50.5 ± 47.8%, P < 0.001). The percentage of laboratory
time devoted to “plastics” was not significantly different during
the pandemic as compared to before (before: 14.9 ± 23.5% vs.
during: 15.5 ± 29.8%, P > 0.05).
Programs. Figure 1 demonstrates the percentage of
laboratory time using cadaver, plastic, and other teaching
modalities before and during Covid-19 by academic program.
Professional health (before: 90.0 ± 20.1% and during:
38.2 ± 45.8%, P < 0.001), medicine (before: 71.1 ± 37.2%
136

and during: 32.0 ± 42.6%, P < 0.001), and undergraduate
(before: 57.6 ± 35.3% and during: 24.5 ± 37.2%, P = 0.045)
programs all significantly decreased the use of cadavers
during Covid-
19. Alternatively, professional health (before:
4.0 ± 20.0% and during: 51.2 ± 48.8%, P < 0.001), medicine
(before: 10.8 ± 26.9% and during: 49.5 ± 48.4%, P < 0.001),
and undergraduate (before: 15.8 ± 30.4% and during:
60.9 ± 47.0%, P = 0.015) programs all significantly increased
their use of “other” resources during Covid-19. No significant
differences (P > 0.05) were observed concerning the plastic
usage for professional health (before: 6.0 ± 7.2% and during:
10.6 ± 23.9%), medicine (before: 18.0 ± 28.6% and during:
18.5 ± 33.5%), and undergraduate (before: 26.5 ± 29.4% and
during: 14.5 ± 31.1%) programs.
Analysis with Kruskal–Wallis demonstrated that before
Covid-19, the largest percentage of laboratory teaching time
was devoted to cadaveric materials, although this differed
significantly across professional health, medical, and undergraduate programs (P = 0.01; Fig. 1). Dunn’s post hoc analysis demonstrated that the cadaver usage was significantly
greater in the professional health programs versus medical
(P = 0.025) and undergraduate (P = 0.001) programs before
Covid-
19. Additionally, before Covid-
19 the smallest percentage of laboratory time across the three programs were
devoted to “other” (P = 0.01) and plastic (P = 0.07) teaching modalities. Post hoc examination identified that “other”
usage was significantly less in the professional health programs compared to the undergraduate programs (P = 0.048)
(Fig. 1).
There was some variation in respondents’ descriptions of
“other” modalities for laboratory teaching during Covid-19,
although there were common subject matters. A majority of
individuals indicated that virtual approaches replaced all or
a portion of their cadaver-based teaching. Respondents provided various examples of virtual resources for remote teaching
including: “digitized specimens and models,” “online cadaver
dissection programs,” “digital resources,” “virtual resources,”
and “videos and photos.”
Type of gross anatomy course. Figure 2 shows the
percentage of laboratory time using cadaver, plastic, and other
teaching modalities before and during Covid-19 by type of gross
anatomy course. Stand-alone (before: 85.3 ± 24.6% and during:
36.3 ± 43.4%, P < 0.001) and integrated (before: 90.0 ± 20.1%
and during: 33.8 ± 42.8%, P = 0.004) anatomy courses saw
a significant decrease in cadaver use during Covid-
19. A
significant increase in “other” teaching modalities during
Covid-19 were observed in stand-alone (before: 4.7 ± 17.5%
and during: 51.5 ± 48.2%, P < 0.001) and integrated (before:
10.5 ± 27.1% and during: 43.5 ± 47.3%, P = 0.002) anatomy
courses. Plastic usage was not significantly different (integrated
before: 23.1 ± 29.4% and during: 22.7 ± 35.8% vs. stand-alone
before: 10.1 ± 18.0% and during: 12.2 ± 25.9%, P > 0.05).
Before Covid-
19, stand-
alone anatomy courses spent a
significantly greater percentage of in-
laboratory time using
cadaveric materials relative to integrated anatomy courses
(P = 0.028) (Fig. 2). In contrast, compared to stand-alone anatomy courses, integrated anatomy courses spent a significantly
greater amount of time in the laboratory using plastic modalities (P = 0.034) (Fig. 2).
Type of institution. Figure 3 exhibits the percentage of
laboratory time using cadaver, plastic, and other teaching
modalities before and during Covid-19 by public and private
institutions. A significant decrease in cadaver use during
Covid-19 was observed at both public (before: 80.1 ± 32.6
Harmon et al.
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Table 1.

Percentage of laboratory time using cadaver, plastic, and other teaching modalities before and during Covid-19 pandemic (May–August 2020) by academic program
(n = 67; professional health, n = 26; medicine, n = 30; undergraduate, n = 11). Cadaver includes dissection and prosection; plastic includes plastic models and
plastinated specimens. aPercent time using cadaver and “other” were significantly different before and during Covid-19 (P ≤ 0.045); bPercent time using cadavers was
significantly different across programs before Covid-19 (Kruskal–Wallis test, P = 0.01). Dunn’s post hoc analysis showed that cadaver usage was significantly greater
in the professional health versus medical (P = 0.025) and undergraduate (P = 0.001) programs; cPercent time using “other” resources was significantly different across
programs before Covid-19 (Kruskal–Wallis test, P = 0.01). Dunn’s post hoc analysis showed that “other” usage was significantly less in the professional health versus
undergraduate (P = 0.048) programs.

and during: 27.8 ± 43.3, P < 0.001) and private (before:
86.7 ± 19.4 and during: 43.7 ± 42.1, P < 0.001) institutions,
while a significant increase in “other” use during Covid-19
was found at both public (before: 12.8 ± 32.3 and during:
66.9 ± 47.1, P < 0.001) and private (before: 3.4 ± 11.7
and during: 40.0 ± 44.9, P < 0.001) institutions. Regarding
plastic usage there were no significant differences in either
public (before: 7.1 ± 10.4 and during: 5.4 ± 19.1, P = 0.288)
or private (before: 9.9 ± 11.5 and during: 16.3 ± 26.8,
P = 0.682) usage.
The percentage of laboratory time spent using plastic
materials during Covid-19 was significantly greater at private
institutions relative to public institutions (P = 0.035), while
the percentage of time using “other” laboratory modalities
was significantly greater at public versus private institutions
(P = 0.043) (Fig. 3).
Laboratory teaching structure. Analysis of the narrative
comments specific to how gross anatomy laboratory teaching was
delivered between May and August 2020 centered around four
categories: (1) delivery format, (2) format of laboratory practice,
(3) type of anatomy digital resources used, and (4) format of
student groups. Representative comments are provided verbatim.
Though the level of detail included in the responses varied,
attributes for each of the four categories were readily identified.
The most frequent statements addressed the delivery of
laboratory teaching content. Several comments denoted synchronous delivery (46.7%), but asynchronous (15.6%), and/
Anatomical Sciences Education

or a combination of the two (18.8%) were mentioned with a
similar frequency. An example of a blended approach is best
described by the following:
“For the laboratory session, students will work through a e-
Module prepared to cover that day’s laboratory material (either
independently or in groups), plus study other resources on their
own. We hold weekly Anatomy Zoom Q&A sessions to answer
questions that arise during the weekly lecture and lab sessions.”
Individual synchronous and asynchronous delivery activities
were also described:
“10 am -12 pm students participate in a virtual lab.
Preceptors dissecting while streaming on multiple high resolution PTZ [pan-tilt-zoom] cameras and engaging with students
by verbal question/answer. Additional preceptor online engaging with students by messenger chat function in Zoom. Session
includes digital resource case problem virtual breakouts into
small groups (4/group)” and “online modules must be completed by midnight on the afternoon assigned.”
A small but notable group (18.7%) had not yet determined
the delivery format, or their response was unclear or unreported.
A number of respondents elaborated on the format of laboratory practice as indicated in previous items of the survey.
They described dissection (student-led), prosection, and the utilization of commercial and/or in-house anatomical resources.
Examples of dissection included:
“Half of lab group will dissect from 8-11 am, remainder of
students will join virtually from 11-12 pm to review structures
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Figure 1.

Percentage of laboratory time using cadaver, plastic, and other teaching modalities before and during Covid-19 pandemic (May–August 2020) by type of gross anatomy
course (n = 65; Integrated, n = 28; Stand-alone, n = 37). Cadaver includes dissection and prosection; plastic includes plastic models and plastinated specimens. aPercent
time using cadaver and “other” were significantly different before and during Covid-19 (P ≤ 0.004); bPercent time using cadavers was significantly greater in stand-alone
versus integrated courses before Covid-19 (Wilcoxon rank-sum test, P = 0.028); cPercent using plastics was significantly greater in integrated versus stand-alone courses
before Covid-19 (Wilcoxon rank-sum test, P = 0.034).

using cadaver, CTs, MRIs, and other digital resources. Students
will also work thru cases during this review” and in another
example: “our in-
person laboratory session usually last for
2-3 hours depending on the department usually between 9-
11(12) am at different days for different departments. The
students are divided into groups and together with their tutor
spend time to do guided dissections and reviews as the work
plan stipulates. The digital resource is done as a self-study prior
to dissections.”
Responses denoting the utilization of prosection during
anatomy laboratory teaching emphasized faculty-led prosection
reviews, often with involvement of teaching assistants, followed
by a student-led component for practice and self-assessment. Two
direct examples are:
“Prosection viewing sign up (15 min timeslots) for students to view tagged prosections with tag legends, small
number of faculty/MS4 TAs present to provide guidance and
answer questions; students provided step-by-step articulates
of the labs so they understand the dissections they would
have been doing in the lab, as well as structure ID videos
for navigating the prosections when they come in to review
them.”
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“The instructor will lead each group through the prosection
cadavers spending roughly 5-10 min per prosection. The remainder of the time will be used for free study and identifying
the tagged structures on the prosection.”
Within this category, a subcategory was discovered in which the
majority of responses noted the physical distancing and personal
protective equipment practices: “The students are required to wear
PPE and practice social distancing. The number of prosected specimens will be increased to limit two students per prosection.”
The final category identified the format of student groups
(i.e., small groups and large groups) utilized during laboratory
sessions. Descriptions of small groups (29.7%) outnumbered
the large group format (9.4%), while the majority of respondents (60.9%) had not yet determined the format for group
learning, or their response was unclear or unreported. Small
groups were typically indicative of remote anatomy sessions
where small groups were used in “breakout rooms” for students
to meet with each other and/or faculty to review laboratory-
related concepts. The following responses effectively captured
the use of the small group format:
“During each 2 hour lab session, students will rotate between 3-4 Zoom meeting rooms where a faculty member will
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Figure 2.

Percentage of laboratory time using cadaver, plastic, and other teaching modalities before and during Covid-19 pandemic (May–August 2020) by type of institution
(n = 52; private, n = 24; public n = 28). Cadaver includes dissection and prosection; plastic includes plastic models and plastinated specimens. aPercent time using cadaver
and “other” were significantly different before and during Covid-19 (P ≤ 0.004); bPercent using plastics was significantly greater in private versus public institutions
during Covid-19 (Wilcoxon rank-sum test, P = 0.035); cPercent using “other” resources was significantly higher in public versus private institutions during Covid-19
(Wilcoxon rank-sum test, P = 0.043).

be hosting a "live" demonstration of the required dissected
region and discuss and answer any questions from students.
Each Zoom session will last 25-30 minutes and host 10-12
students per faculty member” and in another example: “for
each lab, we will hold virtual small group review sessions
(20 students/group) to answer questions and work through
practice questions.”
Small group usage complemented the large group sessions.
Typically, large groups were used to allow faculty to review and
present the assigned laboratory topic, with small groups used for
review as well as for the presentation of small case studies for
students to work through with their peers:
“we meet for one hour over Zoom and divide the students
up into two or three breakout rooms depending on enrollment
number so that there are 3-5 students/breakout room and we
review the case studies by eliciting the answers from the students” and in another example: “we have a digital lab session
after every online class on Webinar and all the students (133)
can attend. We also have a separate question and answer session
on Webinar after each class for 30 minutes in the afternoon.”
Anatomical Sciences Education

Lecture Teaching
The percentage of respondents who relied on in-person lectures
for content delivery before Covid-19 significantly decreased relative to during Covid-19 (before: 76% vs. during: 8%, P < 0.001),
while not in-person lecture delivery significantly increased during
Covid-19 compared to before Covid-19 (before: 11% vs. during:
67%, P < 0.001). The percentage of respondents using “other”
forms of lecture delivery during Covid-19 was greater at private
institutions compared to public institutions during Covid-
19
(private: 43% vs. public: 7.7%, P = 0.001). The percentage of
respondents not lecturing in-person during Covid-19 approached
a significant difference between private and public institutions
during Covid-19 (private: 52% vs. public: 81%, P = 0.07). All
other lecture variables were similar (P > 0.05).
While there was some variation in the description of “other”
modalities for lecture teaching during Covid-19, there were
common topics. The majority of individuals that indicated
all or a portion of their lecture teaching as “other” during
Covid-19 emphasized that their lectures would be conducted
through a combination of virtual live lectures and utilization
of recorded lectures.
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Figure 3.

Comparison of Assessment Setting, Structure, and Material Used Before and During Covid-19 Pandemic (May–August 2020)
Covid-19 Pandemic
Category

Assessment Setting

Codes

χ2

P-value

Laboratory

64 (82)

14 (20)

32.1

< 0.001

7 (9)

43 (61)

25.9

< 0.001

Unclear, unreported, and
Undetermined

5 (6)

6 (8)

0.1

0.763

None

2 (3)

8 (11)

3.6

0.058

Total

78 (100)

71 (100)

0.329

0.566

Practical assessments

59 (66)

50 (62)

0.7

0.389

5 (7)

5 (6)

1.0

1

Written assessments

4 (4)

4 (5)

1.0

1

Skill/dissection completion

5 (7)

1 (1)

2.8

0.102

Other Assessmentsa

8 (10)

9 (11)

0.1

0.808

Unclear, unreported, and
undetermined

6 (7)

10 (12)

1.0

0.317

None

2 (2)

2 (2)

0

1

Total

89 (100)

81 (100)

0.376

0.539

Dissection and Prosection

61 (63)

10 (14)

36.6

< 0.001

Bones, models, and
plastinates

12 (12)

0 (0)

12

< 0.001

Imagingb

11 (11)

35 (51)

12.5

0.37

Other

3 (3)

8 (12)

2.3

0.132

Not applicable

5 (5)

3 (4)

0.5

0.48

Unclear, unreported, and
undetermined

3 (3)

11 (16)

4.6

0.03

c

Assessment Material

During

Computer

Oral assessments

Assessment Structure

Before

None

2 (2)

2 (3)

0

1

Total

97 (100)

69 (100)

4.72

0.03

Data are presented as n (%). Chi-square or Fisher’s exact test, P < 0.05; Total number of respondents (n = 61);aExamples include assignments, hybrid written/practical examination, and quizzes;bImages include medical imaging, photographs of cadaveric material, and textbook images;cExamples include 3D virtual models, video, virtual reality.

Analysis of narrative statements regarding lecture teaching
highlighted the use of live, remote lectures to deliver didactic
content. Collectively, these were used to prepare students for
the laboratory teaching sessions:
“Students will participate in a Zoom live lecture usually
24 hrs in advance of a scheduled laboratory session;”
“I will Zoom and record the lectures ….... Students can
view in real-time or at their convenience.”
“While most lectures will be given live virtually, the laboratory
component will be face-to-face instruction with faculty members”
A few comments also noted utilizing the live lecture to answer
questions or incorporate problem-based learning. For example,
“8 am -10 am: students receive live stream didactic lecture interwoven with active learning question/answer sessions.”

Gross Anatomy Assessment and Assessment
Software
ExamSoft (ExamSoft Worldwide, Inc., Dallas, TX), Canvas
(Instructure, Inc., Salt Lake City, UT), and “Others” accounted
for over 50% of the responses related to the assessment software
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utilized by anatomy educators during Covid-19 (Supplemental
Material File 2). Analysis of the narrative comments specific to
how students were assessed in the anatomy laboratory between
May and August 2020 centered around three categories: (1)
setting of the assessment, (2) format of the assessment, and
(3) material used for the assessment. Frequency of responses
in each category are reported in Table 2. Responses identified
significant increases in computer settings (P < 0.001) and significant changes in total assessment materials (P = 0.03) during
Covid-19, but no significant changes to assessment structure
(Table 2).

Gross Anatomy Digital and Other Teaching
Resources
Anatomy digital resources used for teaching before and
during Covid-
19 are presented in Table 3. Utilization of
digital teaching resources for anatomy increased during
Covid-19 (P < 0.001). In-house content created at the respondent’s institution was the most frequently reported anatomy
digital resource used during Covid-19 (P > 0.05; Table 3).
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Table 2.

DISCUSSION
This was the first study to assess the differences in lecture and
laboratory delivery methods between medical, professional
health, and undergraduate anatomy programs, integrated and
stand-alone anatomy courses, and private and public institutions before and during Covid-19. This study was also the first
to report how gross anatomy educators adjusted the assessments during Covid-19 and utilized digital anatomy resources
and communication tools to teach anatomy during a global
pandemic. Notable changes were present in laboratory delivery methods during Covid-
19, with significant decreases in
cadaver-based instruction along with significant increases in
the use of “other” methods that were not classified as cadaveric
or plastic for laboratory instruction.

Laboratory Teaching
Regardless of plans for laboratory experiences during Covid-19,
there was a significant decrease in the use of cadavers and a
significant increase in “other” teaching modalities across programs, anatomy courses, and institutions, likely due to stayat-home orders. Decreased cadaver use during laboratory sessions corroborates earlier reports that demonstrated a decrease
of in-person, cadaver-based instruction (Cuschieri and Calleja,
2020; Herr and Nelson, 2020; Longhurst et al., 2020; Naidoo
et al., 2020; Pather et al., 2020).
Anatomical Sciences Education

Before Covid-19, professional health programs reported
the greatest percentage of laboratory time spent on cadaver-
based instruction while undergraduate programs reported
the lowest. Alternatively, undergraduate programs reported
using preferential time for “other” modalities in laboratory
instruction before the pandemic. The adoption of “other”
modalities for laboratory instruction in undergraduate anatomy programs follows the broader trend in science, technology, engineering, and mathematics education of decreased
teacher-centered activities (Deslauriers et al., 2011; Freeman
et al., 2014), and increased active learning anatomy laboratory sessions. These types of sessions have been reported
to improve the student performance (Johnson et al., 2012;
Greenwald and Quitadamo, 2014; Haspel et al., 2014;
Shaffer, 2016). Covid-
19 may have provided an opportunity for anatomy educators running undergraduate anatomy
courses to more thoroughly assess the organization of their
courses and evolve their curriculum for the short term and
long term.
Before Covid-19, programs that taught gross anatomy as
a stand-alone course spent a significantly greater percentage
of their laboratory time utilizing cadaveric materials compared
to integrated courses. Conversely, integrated courses spent a
significantly greater percentage of their laboratory time utilizing plastic materials compared to stand-alone courses. In the
present study, the greater percentage of teaching time devoted
to cadaver instruction aligned with 63% of the professional
health programs using stand-alone anatomy courses compared
to the 75% of medical programs using integrated anatomy
courses that often limit the cadaveric activities. These data are
25% higher than the findings from McBride and Drake (2018)
where nearly 50% of respondents indicated that anatomy
instruction was part of a fully integrated medical curriculum
and 46% reported it was partially integrated. This difference
may stem from how surveys assessed integrated curriculum.
The authors of the current study used “integrated” or “stand-
alone” options to assess anatomy curriculum, while McBride
and Drake (2018) provided more specificity to their selection options using stand-alone, fully integrated, and partially
integrated.
There was a significantly higher percentage of plastic model
utilization for laboratory teaching in private institutions compared to public during Covid-19. Public institutions utilized
a significantly greater percentage of “other” formats during
Covid-19 compared to private institutions. A possible explanation of this finding is that private institutions are usually not
government funded, and, therefore, may have more flexibility
and financial assets in determining and using teaching and educational resources.
Respondents provided an opaque picture of their laboratory teaching plan during Covid-19. For the other delivery
method categories of teaching anatomy in the laboratory
during Covid-
19 (format of laboratory practice, anatomy
digital resources, and format of student groups), the most
common response was unclear, unreported or undetermined.
This may be a reflection of the short timeframe anatomy
educators had to alter their course to teach remotely during
May–August of 2020.
Lessons learned from body donors reach beyond the anatomical sciences (Evans et al., 2018), and it remains to be seen how
the absence of this modality and replacement with other virtual
teaching modalities will affect student learning. For example,
learning from a deceased individual is known to prompt self-
reflection on humanism and death (Dyer and Thorndike, 2000;
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There were a number of anatomical teaching resources that
were specifically and frequently identified including Acland’s
Video Atlas of Anatomy (Acland, 2020), University of
Michigan’s BlueLink (Alsup and Fox, 2020), and Complete
Anatomy software (Complete Anatomy, 2020); however, only
BlueLink and Complete Anatomy reached significance during
Covid-19 (P < 0.05; Table 3). These resources were utilized
alone or in conjunction with dissection or prosection in the
anatomy laboratory. Additionally, BlueLink and Complete
Anatomy software were used for asynchronous laboratory
preparation as illustrated by some respondents in the open-
ended questions: “We met through Zoom from 3-5pm and
talked over structures on Michigan BlueLink images and
went through Complete Anatomy for the day’s material” and
during laboratory teaching sessions “We have a Q&A and
a guided tour of key high yield images from various sources
(e.g., BlueLink U of Michigan, Complete Anatomy, Rohen
Color Atlas of Anatomy).”
The majority of comments frequently noted the use of
generic “cadaveric images” to substitute or supplement laboratory sessions: “split sessions using photographic cadaveric
anatomy in small groups using zoom technology” and “lab
review PowerPoints on each of the labs they would have been
performing that include clinical correlate and structure ID
questions on prosection and other cadaveric images.”
Other teaching resources including cameras and camera-
related accessories were the most commonly reported (22%)
non-anatomy tools used during Covid-19 by anatomy educators (Supplemental Material File 3). Zoom teleconferencing
platform (Zoom Voice Communications Inc., San Jose, CA) was
the dominant video conferencing platform used by the majority of respondents (57%) followed by Blackboard Collaborate
(Blackboard Inc., Washington, DC) (11%), while the remainder of the choices were used by less than 10% (Supplemental
Material File 4).

Anatomy Digital Resources Utilized Before and During Covid-19 Pandemic (May–August 2020)
Covid-19 Pandemic
χ2

P-value

31 (12)

2.37

0.123

19 (11)

27 (11)

1.39

0.238

Complete Anatomy (Complete Anatomy, 2020)

10 (6)

24 (9)

5.76

0.016

Clinically Oriented Anatomy Images (Moore et al., 2017)

22 (13)

20 (8)

0.1

0.758

University of Michigan BlueLink (Alsup and Fox, 2020)

9 (5)

20 (8)

4.17

0.041

Other

12 (7)

16 (6)

0.57

0.45

Netter Presenter Atlas of Human Anatomy (Netter, 2020)

13 (7)

14 (5)

0.04

0.847

Anatomy: A Photographic Atlas (Rohen et al., 2015)

11 (6)

14 (5)

0.36

0.549

Grant’s Dissector Videos (Detton, 2016)

4 (2)

10 (4)

2.57

0.109

Gray’s Anatomy Images (Drake et al., 2020)

10 (6)

9 (4)

0.05

0.819

Essential Clinical Anatomy Images (Moore et al., 2014)

7 (4)

8 (3)

0.06

0.796

A&P Revealed (Schneider et al., 2020)

4 (2)

8 (3)

1.33

0.248

University of Wisconsin School of Medicine and Public Health Dissection
Videos (University of Wisconsin, 2020)

4 (2)

8 (3)

1.33

0.248

Visible Body (Visible Body, 2020)

4 (2)

8 (3)

1.33

0.248

Dartmouth Geisel School of Medicine Anatomy Resources (Lyons et al.,
2020)

4 (2)

6 (2)

0.4

0.527

University of British Columbia Anatomy Videos (Krebs et al., 2020)

1 (1)

6 (2)

3.57

0.059

Kenhub Human Anatomy (Kenhub, 2020)

3 (2)

5 (2)

0.5

0.48

Anatomy.TV (Anatomy.TV, 2020)

1 (1)

3 (1)

1

0.317

The BioDigital Human (Biodigital, 2020)

1 (1)

3 (1)

1

0.317

VH Dissector for Medical Education (VH Dissector, 2020)

1 (1)

3 (1)

1

0.317

BodyViz 3D Anatomy (BodyViz, 2020)

3 (2)

2 (1)

0.2

0.655

Thieme MyCourse/Dissector (Gould et al., 2015)

3 (2)

2 (1)

0.2

0.655

University of Arkansas for Medical Sciences Anatomy Resources (UAMS,
2009)

2 (1)

2 (1)

0

1.0

Stanford Medicine Bassett Collection of Stereoscopic Images of Human
Anatomy (Bassett et al., 2020)

2 (1)

1 (0)

0.3

0.563

AnatomyTOOL (Anatomy Tool, 2020)

1 (1)

1 (0)

1

1.0

Netter3D Anatomy powered by CyberAnatomy 3D (Netter 3D, 2018)

1 (1)

1 (0)

1

1.0

VIVED Anatomy Videos (Vived Anatomy, 2019)

1 (1)

1 (0)

1

1.0

3D Organon (3D Organon, 2020)

0 (0)

1 (0)

1

0.317

Resources

Before

During

In-house content created at your institution

20 (11)

Acland’s Video Atlas of Anatomy (Acland, 2020)

(Continues)
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Table 3.

(Continued)
Covid-19 Pandemic

Resources

Before

During

χ2

P-value

Georgetown University Medical Center Videos (Georgetown University,
2020)

0 (0)

1 (0)

1

0.317

OsiriX Dicom Viewer (Rosset and Heuberger, 2020)

0 (0)

1 (0)

1

0.317

A.D.A.M. Interactive Anatomy (A.D.A.M., 2020)

1 (1)

0 (0)

1

0.317

Autopsy.online (Margolis, 2020)

0 (0)

0 (0)

NA

NA

174 (100)

256 (100)

15.6

< 0.001

Total

Data are presented as n (%). Total number of respondents n = 60, with several individuals indicating ≥1 resource; Chi-square test of independence or Fisher’s exact test, P < 0.05.

Aziz et al., 2002; Azer and Eizenberg, 2007; Korf et al., 2008),
important concepts for future healthcare workers. These benefits associated with cadaver-based learning are difficult to simulate online and may lead to negative reactions by students
as it is a common belief that learning in a cadaver laboratory
is a rite of passage (Scheckler, 2003; Gunderman and Wilson,
2005; Chiou et al., 2017) and a special privilege for students
(Attardi et al., 2016). Collectively, future studies will need to
examine the impact of online teaching without donor material
on non-anatomical knowledge, such as humanism, death, rite
of passage, and privilege.

Lecture Teaching
With respect to lecture teaching, there was consistency
between programs both before and during Covid-
19.
Overall, there was a significant transition from in-
person
lecture delivery to not in-
person lecture delivery during
Covid-
19. These results align with the findings published
by Alkhowailed et al. (2020), Cuschieri and Calleja (2020),
Ferrel and Ryan (2020), Herr and Nelson (2020), Longhurst
et al. (2020), Naidoo et al. (2020), and Pather et al. (2020).
Collectively, these changes reflect the national (Mervosh
et al., 2020; NASHP, 2020) and international (Schramm and
Melin, 2020) stay-at-home and physical distancing requirements, where large cohorts of learners physically present in a
classroom, lecture hall, and/or laboratory setting would not
be permitted. It is likely that anatomy educators were more
prepared to transition to not in-person lecture (i.e., online)
methods due to the fact that not in-person methods, such as
lecture capture and pre-recording, have been well established
in the anatomical sciences education (Nieder and Nagy,
2002; Bacro et al., 2010, 2013; Nieder and Borges, 2012;
Barbeau et al., 2013; Beale et al., 2014; Attardi and Rogers,
2015; Trelease, 2015; Farkas et al., 2016; Zureick et al.,
2018) and medical education (Cardall et al., 2008; McNulty
et al., 2009; Tang et al., 2018).

Gross Anatomy Assessment
Changes to gross anatomy laboratory assessments were
also stark, with in-person “classical” practical examinations
utilizing cadaveric specimens, models, and medical imaging serving as the overwhelming standard before Covid-19.
Anatomical Sciences Education

During Covid-19, the predominant form of anatomy laboratory assessment continued to be the practical examination. However, practical examinations were delivered purely
online in a remote medium, using primarily two-dimensional
images through various forms of assessment software (e.g.,
ExamSoft and Canvas). Even though anatomy educators
modified the setting and the materials of the practical examinations, the assessment format predominately remained the
same, which illustrates their adaptability. Though the present
study found image-based, online practical examinations were
preferred during Covid-19, researchers have demonstrated
the feasibility of conducting oral anatomy examinations
using telephones and video conferencing software (Gupta
et al., 2020; Byrnes et al., 2021). Online, image-based practical examinations were also a strategy for anatomy educators
that published data about Covid-19-related institutional and
curricular changes (Longhurst et al., 2020; Herr and Nelson,
2020). However, in some cases institutions opted to cancel
the practical laboratory assessments completely (Longhurst
et al., 2020). Previous research on an in-person prosection-
based course demonstrates that the practical examination
performance is not affected by a remote assessment format (Inuwa et al., 2012). However, it is unknown how the
change in assessment delivery observed during Covid-19 will
affect students since, unlike the Inuwa et al. (2012) study,
they did not have the opportunity to learn in the physical
laboratory.

Gross Anatomy Digital Resources
There are numerous benefits of learning in-person from cadaveric donors (Dyer and Thorndike, 2000; Marks, 2000; Aziz
et al., 2002; Heylings, 2002; McLachlan and Patten, 2006;
Azer and Eizenberg, 2007; Collins, 2008; Korf et al., 2008;
Sugand et al., 2010) that may be lost in an online environment
(Attardi et al., 2016, 2018). The option of continuing to offer
in-person anatomy courses was severely limited, and because
of that, alternative modalities had to be pursued. This is why it
is not surprising that many anatomy educators selected digital
anatomy resources as a replacement for donor material and
anatomical models during Covid-19. As demonstrated in this
study, anatomy digital resources saw a large increase in adoption rates, in particular those that provide three-dimensional
(3D) models of anatomy (e.g., Complete Anatomy) or actual
cadaveric images (e.g., University of Michigan BlueLink). This
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Table 3.

Communication Software
Remote instruction relied on various pieces of software, but
a few were more frequently reported than others. While there
were several video conferencing softwares that respondents
reported using for tele-education, Zoom was by far the most
common, with more reported users than all other tools combined. The dominance of Zoom as the primary video conferencing tool coincides with the fact that in 2016, Zoom was
associated with approximately 86% of the top 200 national
universities in the United States (Pelosi, 2016).
Once navigation of communication software is learned,
additional challenges can be encountered during synchronous
teaching sessions. Studies of online anatomy courses have
shown that when present in the same physical environment,
students and teachers are more engaged and find communication easier compared to interacting through a screen (Attardi
et al., 2016, 2018). It is possible to increase the online engagement, but it requires more faculty as well as a robust technology infrastructure to allow for seamless interactive small
group learning with students (Attardi et al., 2018). Anatomy
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educators need to plan accordingly to accommodate these various resources within their curricula and institutions.

Limitations of the Study
This study is not without limitations. First, the voluntary
nature of the survey-induced self-selection bias among the survey respondents. Second, 67 respondents responded to the survey for May–August 2020 which may create the opportunity of
a type 2 error; however, the relatively small sample size may be
a reflection of the four membership-based professional organizations used to disseminate the survey and the limited number
of programs teaching during these months. Therefore, not all
academic programs may be reflected in the data (e.g., nursing,
pharmacy, etc.). Third, while several institutions in the United
States were well characterized by survey responses, representation from other countries was limited or absent. This might suggest underreporting outside the United States, and consequently
data presented in the current article may not be generalized to
all countries. Fourth, investigator bias is present in analysis of
narrative data; however, the use of teams with two independent
reviewers and multiple readings of the responses is designed to
attenuate the influence of the researcher bias thereby enhancing
reliability of the analysis (Mays and Pope, 1995). Lastly, this
study presents the descriptive accounts of anatomy education
strategies without student outcomes, although there are currently no data indicating how the adaptive strategies impacted
learning outcomes. In the future, the authors of this study plan
to complete the data collection for programs teaching anatomy
between August and December, 2020.

CONCLUSIONS
This study provides new evidence for gross anatomy educators to understand how their colleagues taught anatomy content in various programs between May and August 2020 due
to Covid-19. While primarily representing US institutions, this
is the first study to assess differences in lecture and laboratory delivery methods between academic programs, integrated
versus stand-alone anatomy courses, and private versus public
institutions before and during Covid-19. The required stay-
at-home orders forced anatomy educators to rapidly develop
alternative strategies to traditional in-person lecture and laboratory sessions. Cadaver-based instruction and in-person lectures significantly decreased while adoption of digital resources
and not in-person lectures significantly increased. The medium
for assessment shifted from in-
person laboratory practical
examinations to predominantly image-based computer examinations. As indicated by this study, the responses are relatively
consistent among institutions and can be applied by other anatomy educators in their future anatomy courses. The present
study represents an important time point in anatomy education, and future studies will need to determine whether the
findings characterized here were transient pandemic-
related
shifts or if they represent a long-term change in the delivery of
anatomy education.
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finding parallels the recent report of increased anatomy digital resource utilization by Longhurst et al. (2020) and Pather
et al. (2020).
While a variety of software packages include 3D computer models for anatomy (Attardi and Rogers, 2015;
Yammine and Violato, 2015; Azer and Azer, 2016), there is
a widespread belief by anatomists that the understanding of
anatomical 3D structures and appreciation for the physical
proximity and tangible differences among organs and tissues
is facilitated by hands-on cadaveric dissection (Marks, 2000;
Aziz et al., 2002; Heylings, 2002; McLachlan and Patten,
2006; Azer and Eizenberg, 2007; Collins, 2008; Sugand
et al., 2010; Carroll et al., 2020). Physical touch helps students to validate the lived experience of the cadaver laboratory, in turn contributing to the development of synesthetic
maps of human anatomy (Aziz et al., 2002). Learning from
different body donors exposes students to the health history
of donors and to anatomical variation (Aziz et al., 2002;
Korf et al., 2008; Carroll et al., 2020), whereas computer
simulations used in software packages contain finite examples of human variation, with students specifically noting
this difference (Attardi et al., 2018). These are all aspects of
anatomy education that had to be taken into consideration
but were outside of anatomy educators’ control when transitioning from traditionally in-person to predominately remote
due to Covid-19.
Finally, learning from computer media, particularly 3D
computer models, may pose unique pedagogical challenges.
While multiple user controls allow for manipulation of the
models in a variety of ways, the software learning curve can
be steep, and training impinges on time required to learn the
anatomy (Attardi et al., 2016). In any online course, dedicated time for software training should be incorporated into
the curriculum (Attardi et al., 2018). To avoid common pitfalls associated with anatomy e-learning tools used during
Covid-19, Van Nuland et al. (2020) offered a framework
for tool selection and implementation. It remains unclear if
the results of previous studies on digital anatomy resources
can be generalized at the current scale necessitated by the
Covid-19 pandemic.

NOTES ON CONTRIBUTORS
DEREK J. HARMON, Ph.D., is an associate professor of
anatomy in the Department of Anatomy at the University of
California, San Francisco in San Francisco, California. He
teaches medical students, residents, fellows, and clinicians. His
research interests are in technology-based educational innovations and developing low-cost, high-quality clinical simulation
models.
STEFANIE M. ATTARDI, Ph.D., is an assistant professor in
the Department of Foundational Medical Studies at Oakland
University William Beaumont School of Medicine in Rochester,
Michigan. She teaches histology and cadaveric anatomy to
medical students. Her research focuses on online education and
curricular integration involving the anatomical sciences.
MALLI BARREMKALA, M.B.B.S., is an assistant professor in the Department of Foundational Medical Studies at
Oakland University William Beaumont School of Medicine in
Rochester, Michigan. He teaches gross anatomy and embryology to medical students. He has a strong interest in developing
resources to enhance anatomy learning and medical instructional simulation.
DANIELLE C. BENTLEY, Ph.D., is an assistant professor,
teaching stream, in the Division of Anatomy, Temerty Faculty
of Medicine, University of Toronto in Toronto, Canada. She
teaches gross anatomy and embryology to undergraduate,
graduate, and medical students. She has an interest in research
design and is currently investigating student assessments.
KIRSTEN M. BROWN, Ph.D., M.A., is an associate professor in the Department of Anatomy and Cell Biology at the
George Washington University School of Medicine and Health
Sciences in Washington, D.C. She teaches anatomy to a variety
of student populations. Her research focuses on various aspects
of anatomy education.
JENNIFER F. DENNIS, Ph.D., is an associate professor
of anatomy in the Department of Anatomy at Kansas City
University in Joplin, Missouri. She teaches embryology, histology, and neuroanatomy to medical students. Her research
interests include anatomy education and assessment outcomes.
HAVIVA M. GOLDMAN, Ph.D., is a professor in the
Department of Neurobiology and Anatomy at Drexel
University College of Medicine Philadelphia, PA. She is Vice
Chair for Medical Education and teaches gross anatomy and
microanatomy to medical students. Her research interests
include anatomical sciences integration, e-
learning module
development, and bone biology.
KELLY M. HARRELL, Ph.D., M.P.T., is an associate professor in the Department of Anatomy and Neurobiology
at Virginia Commonwealth University School of Medicine
Richmond, VA. She teaches gross anatomy, embryology, and
neuroscience across multiple programs. Her research interest is
in medical education and utility of technology in the classroom
and laboratory.
BARBIE A. KLEIN, Ph.D., is an assistant professor in the
Department of Anatomy at the University of California, San
Francisco in San Francisco, California. She teaches health professional and graduate-level learners. Her research focuses on

Anatomical Sciences Education

integrating technology and interprofessional collaboration in
anatomy education.
CHRISTOPHER J. RAMNANAN, Ph.D., is an associate
professor in the Division of Clinical and Functional Anatomy,
Department of Innovation of Medical Education at the University
of Ottawa in Ottawa, Canada. He teaches anatomy to medical
students. His research interests include optimizing anatomy education in the context of student-centered approaches.
JOAN T. RICHTSMEIER, M.A., Ph.D., is a distinguished
professor of anthropology at the Pennsylvania State University,
University Park, Pennsylvania, where she is a member of the
Graduate Programs in Genetics, Bioinformatics and Genomics,
and the Center for Neural Engineering. Her research interest is
in craniofacial development and disease.
GARY J. FARKAS, Ph.D., is a postdoctoral associate in the
Department of Physical Medicine and Rehabilitation at the
University of Miami in Miami, Florida. He has taught anatomy
to medical, graduate, and allied-health students and residents.
His research focuses on obesity-induced comorbidities after
spinal cord injury and anatomy education.
LITERATURE CITED
3D Organon. 2020. 3D Organon: Virtual Reality Anatomy Atlas. Metis Media
Pty Ltd., Gold Coast, Queensland, Australia. URL: https://www.3dorganon.com/
[accessed 22 September 2020].
Acland RD. 2020. Acland’s Video Atlas of Human Anatomy®. Wolters Kluwer
Health Inc./Lippincott, Williams & Wilkins, Baltimore, MD. URL: http://aclan
danatomy.com/ [accessed 22 September 2020].
A.D.A.M. 2020. A.D.A.M. Interactive Anatomy. EBIX Inc., Atlanta, GA. URL:
adameducation.com/aiaonline [accessed 22 September 2020].
Alkhowailed MS, Rasheed Z, Shariq A, Elzainy A, El Sadik A, Alkhamiss A, Alsolai
AM, Alduraibi SK, Alduraibi A, Alamro A, Alhomaidan HT, Al Abdulmonem
W. 2020. Digitalization plan in medical education during COVID-19 lockdown.
Inform Med Unlocked 20:100432.
Alsup BK, Fox G. 2020. BlueLink Images. University of Michigan Medical
School, Ann Arbor, MI. URL: https://sites.google.com/a/umich.edu/bluel
ink/
resources/bluelink [accessed 7 September 2020].
Anatomy Connected. 2020. American Association for Anatomy, Rockville, MD.
URL: https://anatomyconnected.anatomy.org/home [accessed 9 September 2020].
Anatomy.TV. 2020. Anatomy.TV: Interactive Anatomy. Primal Pictures Ltd.,
London, UK. URL: www.anatomy.tv/ [accessed 22 September 2020].
AnatomyTOOL. 2020. Anatomy TOOL (Topic Oriented Open Learning
platform). Leiden University Medical Center, Leiden, The Netherlands, and
Maastricht University, Maastricht, The Netherlands. URL: https://anatomytool.
org/ [accessed 9 September 2020].
Attardi SM, Barbeau ML, Rogers KA. 2018. Improving online interactions:
Lessons from an online anatomy course with a laboratory for undergraduate
students. Anat Sci Educ 11:592–604.
Attardi SM, Choi S, Barnett J, Rogers KA. 2016. Mixed methods student evaluation of an online systemic human anatomy course with laboratory. Anat Sci
Educ 9:272–285.
Attardi SM, Rogers KA. 2015. Design and implementation of an online systemic
human anatomy course with laboratory. Anat Sci Educ 8:53–62.
Azer SA, Azer S. 2016. 3D anatomy models and impact on learning: A review of
the quality of the literature. Health Prof Educ 2:80–98.
Azer SA, Eizenberg N. 2007. Do we need dissection in an integrated problem-
based learning medical course? Perceptions of first-and second-year students.
Surg Radiol Anat 29:173–180.
Aziz MA, McKenzie JC, Wilson JS, Cowie RJ, Ayeni SA, Dunn BK. 2002. The
human cadaver in the age of biomedical informatics. Anat Rec 269:20–32.
Bacro TR, Gebregziabher M, Ariail J. 2013. Lecture recording system in anatomy: Possible benefit to auditory learners. Anat Sci Educ 6:376–384.
Bacro TR, Gebregziabher M, Fitzharris TP. 2010. Evaluation of a lecture recording system in a medical curriculum. Anat Sci Educ 3:300–308.
Barbeau ML, Johnson M, Gibson C, Rogers KA. 2013. The development and
assessment of an online microscopic anatomy laboratory course. Anat Sci Educ
6:246–256.
Bassett DL, Gruber WA, O’Neill H, Ogren R, Segal L. 2020. Bassett Collection of
Stereoscopic Images of Human Anatomy. Stanford School of Medicine, Stanford,
CA. URL: http://lane.stanford.edu/biomed-resources/bassett/index.html [accessed
7 September 2020].

MARCH/APRIL 2021145

19359780, 2021, 2, Downloaded from https://anatomypubs.onlinelibrary.wiley.com/doi/10.1002/ase.2051 by Jessica Berry - Kansas City University , Wiley Online Library on [02/11/2022]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

grateful for the assistance provided by David W. McMillan,
Ph.D., in constructing the manuscript figures. Conflict of interest disclosure: Derek J. Harmon serves on an Advisory Board
for Elsevier. All the other authors attest that they have no financial or other conflict of interest.

146

Hodges C, Moore S, Lockee B, Trust T, Bond A. 2020. The difference between
emergency remote teaching and online learning. EDUCAUSE Review, 27 March
2020. EDUCAUSE, Boulder, CO. URL: https://er.educause.edu/articles/2020/3/
the-difference-between-emergency-remote-teaching-and-online-learning [accessed
8 November 2020].
Inuwa IM, Taranikanti V, Al-Rawahy M, Habbal O. 2012. Anatomy practical
examinations: How does student performance on computerized evaluation compare with the traditional format? Anat Sci Educ 5:27–32.
Johnson EO, Charchanti AV, Troupis TG. 2012. Modernization of an anatomy class: From conceptualization to implementation. A case for integrated
multimodal-multidisciplinary teaching. Anat Sci Educ 5:354–366.
Kazerooni AR, Amini M, Tabari P, Moosavi M. 2020. Peer mentoring for medical
students during COVID-19 pandemic via a social media platform. Med Educ
54:762–763.
Kenhub. 2020. Kenhub Anatomy. Kenhub GmbH, Leipzig, Germany. URL:
https://www.kenhub.com/en/library/anatomy [accessed 7 September 2020].
Korf HW, Wicht H, Snipes RL, Timmermans JP, Paulsen F, Rune G, Baumgart-
Vogt E. 2008. The dissection course –Necessary and indispensable for teaching
anatomy to medical students. Ann Anat 190:16–22.
Kramer B, Billings B, Moxham B, Winkelmann A. 2020. IFAA best practice
guidelines for body donation programmes during the novel Coronavirus
pandemic. Johannesburg, South Africa: International Federation of
Associations of Anatomists (IFAA). 7 p. URL: http://www.ifaa.net/wp-conte
nt/uploads/2020/05/IFAA-Staement-on-COVID-19_-final-v2.pdf [accessed 29
December 2020].
Krebs C, Fejtek M, Mordhorst A. 2020. Clinical Anatomy Website. University of
British Columbia, Vancouver, Canada. URL: http://clinicalanatomy.ca/ [accessed
22 September 2020].
Kuyatt BL, Baker JD. 2014. Human anatomy software use in traditional and
online anatomy laboratory classes: Student-perceived learning benefits. Sci Teach
43:14–19.
Limpach AL, Bazrafshan P, Turner PD, Monaghan MS. 2008. Effectiveness of
human anatomy education for pharmacy students via the internet. Am J Pharm
Educ 72:145.
Longhurst GJ, Stone DM, Dulohery K, Scully D, Campbell T, Smith CF. 2020.
Strength, weakness, opportunity, threat (SWOT) analysis of the adaptations to
anatomical education in the United Kingdom and Republic of Ireland in response
to the Covid-19 pandemic. Anat Sci Educ 13:301–311.
Lyons V, McNulty N, Catlin B, Swenson R. 2020. Human Anatomy Learning
Modules. Geisel School of Medicine at Dartmouth Dartmouth, Hanover, NH.
URL: https://www.dartm
outh.edu/~anato
my/HAE/index.html [accessed 9
September 2020].
Margolis B. 2020. Autopsy.Online. Autopsy Center of Chicago, Chicago, IL.
URL: https://autopsy.online/ [accessed 23 September 2020].
Marks SC Jr. 2000. The role of three-dimensional information in health care
and medical education: The implications for anatomy and dissection. Clin Anat
13:448–452.
Mathiowetz V, Yu CH, Quake-Rapp C. 2016. Comparison of a gross anatomy
laboratory to online anatomy software for teaching anatomy. Anat Sci Educ
9:52–59.
Mays N, Pope C. 1995. Rigour and qualitative research. Br Med J 311:109–112.
McBride JM, Drake RL. 2018. National survey on anatomical sciences in medical
education. Anat Sci Educ 11:7–14.
McLachlan JC, Patten D. 2006. Anatomy teaching: Ghosts of the past, present
and future. Med Educ 40:243–253.
McNulty JA,Hoyt A, Gruener G, Chandrasekhar A, Espiritu B, Price R, Naheedy
R. 2009. An analysis of lecture video utilization in undergraduate medical education: Associations with performance in the courses. BMC Med Educ 9:6.
Mervosh S, Lu D, Swales V. 2020. See which states and cities have told residents
to stay at home. The New York Times, 20 April 2020. The New York Times
Company, New York, NY. URL: https://www.nytimes.com/interactive/2020/us/
coronavirus-stay-at-home-order.html [accessed 23 September 2020].
Moore KL, Agur AM, Dalley AF II. 2014. Essential Clinical Anatomy. 5th Ed.
Baltimore, MD: Wolters Kluwer. 712 p.
Moore KL, Dalley AF II, Agur AM. 2017. Clinically Oriented Anatomy. 8th Ed.
Philadelphia, PA: Wolters Kluwer. 1168 p.
Murphy B. 2020. How COVID-
19 is affecting medical school admissions.
American Medical Association, Chicago, IL. URL: https://www.ama-assn.org/
residents-students/preparing-medical-school/how-covid-19-affecting-medical-
school-admissions [accessed 8 November 2020].
Naidoo N, Akhras A, Banerjee Y. 2020. Confronting the challenges of anatomy
education in a competency-based medical curriculum during normal and unprecedented times (COVID-19 pandemic): Pedagogical framework development and
implementation. JMIR Med Educ 6:e21701.
NASHP. 2020. National Academy for State Health Policy. Chart: Each state’s
COVID-19 reopening and reclosing plans and mask requirements. The National
Academy for State Health Policy, Portland, ME. URL: https://www.nashp.org/
governors-prioritize-health-for-all/ [accessed 29 August 2020].
Netter 3D. 2018. Netter 3D Anatomy Powered by CyberAnatomy. Elsevier Inc.
Cyber Anatomy Corporation, Philadelphia, PA. URL: http://netter3danatomy.
com/ [accessed 23 September 2020].

Harmon et al.

19359780, 2021, 2, Downloaded from https://anatomypubs.onlinelibrary.wiley.com/doi/10.1002/ase.2051 by Jessica Berry - Kansas City University , Wiley Online Library on [02/11/2022]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

Beale EG, Tarwater PM, Lee VH. 2014. A retrospective look at replacing face-
to-face embryology instruction with online lectures in a human anatomy course:
Embryology instruction with online lectures. Anat Sci Educ 7:234–241.
Biodigital. 2020. The Biodigital Human Powering the World’s Understanding of
the Human Body. Biodigital, New York, NY. URL: https://www.biodigital.com/
[accessed 23 September 2020].
BodyViz. 2020. BodyViz 6.0: 3D Anatomy Dissection Labs for Online/Remote
Learning Environments. Visual Medical Solutions, LLC., Clive, IA. URL: https://
www.bodyviz.com/ [accessed 22 September 2020].
Brassett C, Cosker T, Davies DC, Dockery P, Gillingwater TH, Lee TC, Milz
S, Parson SH, Quondamatteo F, Wilkinson T. 2020. COVID-19 and anatomy:
Stimulus and initial response. J Anat 237:393–403.
Byrnes KG, Kiely PA, Dunne CP, McDermott KW, Coffey JC. 2021.
Communication, collaboration and contagion: “Virtualisation” of anatomy
during COVID-19. Clin Anat 34:82–89.
Cardall S, Krupat E, Ulrich M. 2008. Live lecture versus video-recorded lecture:
Are students voting with their feet? Acad Med 83:1174–1178.
Carroll MA, Hoffmann DS, Karnes JL, Sanders SL. 2020. Gross anatomy during
the pandemic: Cadaver dissection is essential as a learning tool. American
Association for Anatomy (AAA), Rockville, MD. URL: https://www.anato
my.org/AAA/Resources/Report-Prioritizing-Cadaveric-Dissection.aspx [accessed
8 November 2020].
Chiou R, Tsai P, Han D. 2017. Effects of a “silent mentor” initiation ceremony and
dissection on medical students’ humanity and learning. BMC Res Notes 10:483.
Collins JP. 2008. Modern approaches to teaching and learning anatomy. BMJ
337:a1310.
Complete Anatomy. 2020. Complete Anatomy 2021. 3D4Medical from Elsevier,
Dublin, Ireland. URL: https://3d4medical.com/ [accessed 22 September 2020].
Cuschieri S, Calleja Agius J. 2020. Spotlight on the shift to remote anatomical
teaching during Covid-
19 pandemic: Perspectives and experiences from the
University of Malta. Anat Sci Educ 13:671–679.
Deslauriers L, Schelew E, Wieman C. 2011. Improved learning in a large-
enrollment physics class. Science 332:862–864.
Detton A. 2016. Grant’s Dissector Videos for Grant’s Dissector. 16th Ed.
Philadelphia, PA: Wolters Kluwer, Lippincott, Williams & Wilkins. 323 p.
DHS. 2013. Department of Homeland Security. What is a public university?
What is a private university? United States Department of Homeland Security,
Washington, DC. URL: https://studyinthestates.dhs.gov/2013/01/what-public-
university-what-private-university [accessed 29 Dec 2020].
Drake R, Vogl AW, Mitchell A, Tibbitts R, Richardson P. 2020. Gray’s Atlas of
Anatomy. 3rd Ed. Philadelphia, PA: Elsevier. 648 p.
Dyer GS, Thorndike ME. 2000. Quidne mortui vivos docent? The Evolving purpose of human dissection in medical education. Acad Med 75:969–979.
Evans DJ, Bay BH, Wilson TD, Smith CF, Lachman N, Pawlina W. 2020. Going
virtual to support anatomy education: A STOPGAP in the midst of the Covid-19
pandemic. Anat Sci Educ 13:279–283.
Evans DJ, Pawlina W, Lachman N. 2018. Human skills for human[istic] anatomy: An emphasis on nontraditional discipline-
independent skills. Anat Scie
Educ 11:221–224.
Farkas GJ, Mazurek E, Marone JR. 2016. Learning style versus time spent studying and career choice: Which is associated with success in a combined undergraduate anatomy and physiology course? Anat Sci Educ 9:121–131.
Ferrel MN, Ryan JJ. 2020. The impact of COVID-19 on medical education.
Cureus 12:e7492.
Freeman S, Eddy SL, McDonough M, Smith MK, Okoroafor N, Jordt H,
Wenderoth MP. 2014. Active learning increases student performance in science,
engineering, and mathematics. Proc Natl Acad Sci U S A 111:8410–8415.
Georgetown University. 2020. Georgetown University Medical Center Gross
Anatomy Videos. Georgetown University, Washington, DC. URL: https://dml.
georgetown.edu/gross-anatomy-videos/ [accessed 22 September 2020].
Gould DJ, Franklin SR, MacPherson BR. 2015. Thieme MyCourse. Thieme
Medical Publishers Inc., New York, NY. URL: https://mycou
rse.thieme.com/
pages/Home [accessed 22 September 2020].
Greenwald RR, Quitadamo IJ. 2014. A mind of their own: Using inquiry-
based teaching to build critical thinking skills and intellectual engagement
in an undergraduate neuroanatomy course. J Undergrad Neurosci Educ
12:A100–A106.
Gunderman RB, Wilson KA. 2005. Exploring the human interior: The roles of
cadaveric dissection and radiologic imaging in teaching anatomy. Acad Med
80:745–749.
Gupta N, Pandey S, Anshu A. 2020. Innovative anatomy assessment methods in COVID-19 Pandemic: Statistical observations and students viewpoints.
Bangladesh J Med Sci 19:S21–S27.
Haspel C, Motoike HK, Lenchner E. 2014. The implementation of clay modeling
and rat dissection into the human anatomy and physiology curriculum of a large
urban community college. Anat Sci Educ 7:38–46.
Herr MJ, Nelson RJ. 2020. Administering a stay-at-home dental gross anatomy
practical during COVID-19. J Dent Educ (in press; doi: 10.1002/jdd.12433).
Heylings DJ. 2002. Anatomy 1999-2000: The curriculum, who teaches it and
how? Med Educ 36:702–710.

Anatomical Sciences Education

Singal A, Bansal A, Chaudhary P. 2020. Cadaverless anatomy: Darkness in the
times of pandemic Covid-19. Morphologie 104:147–150.
Sugand K, Abrahams P, Khurana A. 2010. The anatomy of anatomy: A review for
its modernization. Anat Sci Educ 3:83–93.
Taber KS. 2018. The use of Cronbach’s alpha when developing and reporting
research instruments in science education. Res Sci Educ 48:1273–1296.
Tang B, Coret A, Qureshi A, Barron H, Ayala AP, Law M. 2018. Online lectures in
undergraduate medical education: Scoping review. JMIR Med Educ 4:e11.
Theoret C, Ming X. 2020. Our education, our concerns: The impact on medical
student education of COVID-19. Med Educ 54:591–592.
Trelease RB. 2015. Essential e-learning and m-learning methods for teaching
anatomy. In: Chan LK, Pawlina W (Editors). Teaching Anatomy: A Practical
Guide. 1st Ed. New York, NY: Springer International Publishing. p 247–258.
UAMS. 2009. University of Arkansas for Medical Sciences Anatomy Resource.
University of Arkansas, Fayetteville, AR. URL: http://anatomy.uams.edu/gross_
atlas.html [accessed 9 September 2020].
UNESCO. 2020. United Nations Educational, Scientific and Cultural
Organization Education. From disruption to recovery. The United Nations
Educational, Scientific and Cultural Organization, Paris, France. URL: https://
en.unesco.org/covid19/educationresponse [accessed 29 August 2020].
University of Wisconsin. 2020. Video Library. University of Wisconsin School of
Medicine and Public Health, University of Wisconsin School of Medicine and
Public Health. Madison, WI. URL: http://videos.med.wisc.edu/events/65/videos/
[accessed 7 September 2020].
Van Nuland SE, Hall E, Langley NR. 2020. STEM crisis teaching: Curriculum
design with e-learning tools. FASEB Bioadv 2:631–637.
VH Dissector. 2020. VH Dissector for Medical Education. Touch of Life
Technologies, Aurora, CO. URL: https://www.toltech.net/anatomy-software/
solutions/vh-dissector-for-medical-education [accessed 23 September 2020].
Visible Body. 2020. Visible Body Human Anatomy Atlas. Argosy Publishing Inc.,
Newton, MA. URL: https://www.visiblebody.com/ [accessed 23 September 2020].
Vived Anatomy. 2019. VIVED Anatomy. VIVED Learning, Coatsville, IA. URL:
https://vivedlearning.com/vivedanatomy/ [accessed 23 September 2020].
Wang JJ, Deng A, Tsui BC. 2020. COVID-19: Novel pandemic, novel generation
of medical students. Br J Anaesth 125:e328–e330.
Weiner S. 2020. Back to medical school during COVID-
19. Association of
American Medical Colleges, Washington, DC. URL: https://www.aamc.org/news-
insights/back-medical-school-during-covid-19 [accessed 8 November 2020].
Wilcha RJ. 2020. How effective is virtual medical teaching during the COVID-19
crisis? A review of the advantages and disadvantages. JMIR Med Educ 6:e20963.
Yammine K, Violato C. 2015. A meta-analysis of the educational effectiveness of
three-dimensional visualization technologies in teaching anatomy. Anat Sci Educ
8:525–538.
Zureick AH, Burk-Rafel J, Purkiss JA, Hortsch M. 2018. The interrupted learner:
How distractions during live and video lectures influence learning outcomes.
Anat Sci Educ 11:366.

MARCH/APRIL 2021147

19359780, 2021, 2, Downloaded from https://anatomypubs.onlinelibrary.wiley.com/doi/10.1002/ase.2051 by Jessica Berry - Kansas City University , Wiley Online Library on [02/11/2022]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

Netter FH. 2020. The Netter Presenter: Human Anatomy Collection, Version 2.0.
Elsevier, Philadelphia, PA. URL: https://www.netterimages.com/book-presenter-
anatomy-9781929007221.html [accessed 23 September 2020].
Nieder GL, Borges NJ. 2012. An eight-year study of online lecture use in a medical gross anatomy and embryology course. Anat Sci Educ 5:311–320.
Nieder GL, Nagy F. 2002. Analysis of medical students’ use of web-based resources for a gross anatomy and embryology course. Clin Anat 15:409–418.
NYU. 2020. New York University. Early graduation at NYU Grossman School
of Medicine sends new doctors to join COVID-19 fight. NYU Langone Health
NewsHub, 5 April 2020. NYU Langone Hospitals, New York, NY. URL: https://
nyulangone.org/news/early-g raduation-n
 yu-grossman-s chool-m
 edicine-s ends
-new-doctors-join-covid-19-fight [accessed 8 November 2020].
Patel KM, Moxham BJ. 2005. Attitudes of professional anatomists to curricular
change. Clin Anat 19:132–141.
Pather N, Blyth P, Chapman JA, Dayal MR, Flack NAMS, Fogg QA, Green RA,
Hulme AK,Johnson IP, Meyer AJ, Morley JW, Shortland PJ, et al. 2020. Forced
disruption of anatomy education in Australia and New Zealand: An acute response to the Covid-19 pandemic. Anat Sci Educ 13:284–300.
Pelosi J. 2016. Zoom announces rapid adoption and high customer satisfaction in education sector: video conferencing leader holds net promoter score
of 71 among education users. GlobeNewswire News, 15 March 2020. Intrado
GlobeNewswire Inc., Los Angeles, CA. URL: http://www.globenewswire.com/
news-release/2016/03/15/1311065/0/en/Zoom-A
 nnounces-R
 apid-A
 doption-
and-High-Customer-Satisfaction-in-Education-Sector.html [accessed 30 August
2020].
Rizzolo LJ. 2002. Human dissection: An approach to interweaving the traditional
and humanistic goals of medical education. Anat Rec 269:242–248.
Rohen JW, Yokochi C, Lutjen-Drecoll E. 2015. Anatomy: A Photographic Atlas.
8th Ed. Philadelphia, PA: Wolters Kluwer. 560 p.
Rosset A, Heuberger J. 2020. OsiriX DICOM Viewer, Pixmeo SARL, Geneva,
Switzerland. URL: https://www.osiri
x-
viewer.com/ [accessed 23 September
2020].
Saldaña J. 2016. The Coding Manual for Qualitative Researchers. 3rd Ed.
Thousand Oaks, CA: SAGE Publications Ltd. 368 p.
Scheckler WE. 2003. It’s more than a computer can deliver: Gross anatomy—a
rite of passage and a right to learning. WMJ 102:10–11.
Schneider R, Morse DE, Bennett-Clarke C, Hankin M. 2020. Anatomy &
Physiology Revealed 4.0: An Interactive Cadaver Dissection Experience.
McGraw Hill, New York, NY. URL: http://aprev
ealed.com/ [accessed 23
September 2020].
Schramm D, Melin A. 2020. Stay-at-Home Orders in Europe. Updated as of 22
July 2020. 1st Ed. Chicago, IL: Sidley Austin LLP. 19 p. URL: https://www.sidley.com/-/media/uploads/stay-at-home-tracker_europe.pdf?la=en [accessed 8
November 2020].
Shaffer JF. 2016. Student performance in and perceptions of a high structure
undergraduate human anatomy course. Anat Sci Educ 9:516–528.

